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Abstract The Nymphaeaceae are one of the most important taxa for understanding the 
origin and evolution of primitive angiosperms due to its basal position in the cladograms of the 
angiosperms recently given based both on several gene sequences and on morphological 
characters, but phylogenetic relationships within the family have not as yet been resolved. The 
sequences of nrDNA ITS region of 11 species representing seven genera of the Nymphaeaceae 
and one outgroup, Ceratophyllum demersum, were used to reconstruct the phylogeny of the 
family using PAUP4.0b4A. Three most parsimonious trees (Length=1125, C/=0.7618 and 
RI=0.7214) were obtained. In the consensus tree: (1) Nelumbo was basal to the other genera 
with a bootstrap value of 100% and occupied an isolated position, so it could be separated 
from the Nymphaeaceae and placed in its own family, Nelumbonaceae, and its own order, 
Nelumbonales; (2) Nuphar was monophyletic, nested in the basal position of clade II and was 
strongly supported to be the sister group of the other genera (excluding Nelumbo) of the 
Nymphaeaceae, suggesting that its traditional inclusion in the Nymphaeaceae should be 
maintained; (3) Cabomba and Brasenia were sister group and formed a subclade with a 
bootstrap value of 99%, indicating their close affinity; (4) Nymphaea was strongly supported 
to be the sister group of a subclade comprising Euryale and Victoria with a bootstrap value of 
94%, indicating that they should be placed in the Nymphaeaceae. 

Key words Nymphaeaceae, ITS, phylogeny. 
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Table 1 Origin of materials 
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Taxon Provenance’ Voucher 0 
GenBank 
Acc. No. 
[] oo [] ou» D (Y.L.Liu) 20042 AY620418 
Nelumbo nucifera Gaertn. Fruct.  WBGCAS (cultivated) 
& Semin. 
[] oooogg BUDnan» [] (Y.L. Liu) 20043 AY620419 
Nelumbo lutea (Willd.) Pers. WBGCAS (cultivated) 
[1 [] üugggggmgadut« ) [] (Y.L. Liu) 20044 AY620420 
Nymphaea coerulea Sav. WBGCAS (cultivated) 
HoOoOg 0 0 Du ) [] (Y.L. Liu) 20045 AY620421 
Nymphaea capensis Thunb. WBGCAS (cultivated) 
[] OO OO noddgo) OD (Y.L.Liu) 20048 AY620422 
Euryale ferox Salisb. ex Konig WBGCAS (cultivated) 
& Sims 
i EM 0000) [ (Y.L. Liu) 20049 AY620423 




































































BGCAS (cultivated) 
E O Q.R.Zhao)20037 AY620424 
angzhou, Zhejiang 


Victoria cruziana Orb. 
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Cabomba caroliniana A. Gray 































































































































































































oo i oo [] (L.M. Xu) 20031 AY620425 
Cabomba piauhyensis Gardn. Bought from the Flower-and-Bird 
Market of Wuhan Port 
[] i [] noc ) [] (Y.L. Liu) 20040 AY620426 
Brasenia schreberi J. F. Gmel. WBGCAS (cultivated) 
[] og T 0o00) [] (Y.L. Liu) 20047 AY620428 
Nuphar sinensis Hand.-Mazz. WBGCAS (cultivated) 
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Nuphar bornetii Lévl. & Vant. WBGCAS (cultivated) 
m n n n ) [] (Y.L. Liu) 20041 AY620429 



































Ceratophyllum demersum L. WBGC AS (cultivated) 
* WBGCAS, Wuhan Botanical Garden, the Chinese Academy of Sciences. 
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Table2 The size and G+C content of ITS of the 11 species of the Nymphaeaceae studied 









































































































































ITS ITS1 ITS2 
Taxon Size (bp) Size (bp) G+C (%) Size (bp) G+C (%) 
OO Nelumbo nucifera 673 260 54.62 257 57.98 
[] Nelumbo lutea 675 257 56.03 262 59.16 
[] Nymphaea coerulea 701 274 47.45 271 51.09 
0000 Nymphaea capensis 704 274 45.62 274 50.36 
[] Euryale ferox 660 259 40.83 244 44.12 
[] Victoria cruziana 678 258 42.25 264 50.00 
[] Cabomba caroliniana 698 269 58.74 271 56.09 
000 Cabomba piauhyensis 697 262 58.02 279 58.42 
[] Brasenia schreberi 683 263 63.12 264 63.26 
[] Nuphar bornetii 676 257 55.64 263 58.56 
[] Nuphar sinensis 665 259 54.83 250 55.20 
OO3U00000U0U0UUUUUUUOUOUIWOUOOUOUWUOOOUUOUOOUNG. 
0DOO0O0O0000000OO00m0000200 0000000000 uuu 


OU 100 00000000000 UOUUNOOUOUUU02000 00000 
200000 :100%0 000000000 UOUOOUUOUNUOUUOUUUDUOUU02 
pDuuggBupgggiupppuuguggupmngupBaüpbpggdgadBgDBBDUu: 
DuggiugunidubBu-«aenee.nuuuiuipbululultlilbl«iet 


3 UU 


31 000000000000 
DuggupgupupggupBaupigsgausipagpsiiuBsubiu ddl uu 

DugggupgpgoupupupngggHpguBdqdmubd.09 A1iu.dulut 

DüagpaggdgupiubnBaulbüublblubL-rakhtjan 1969; 0 D D] D] . 1994; (] U D] 


26 00000 D 43 [] 





Nymphaea coerulea 
Nymphaea capensis 
Euryale ferox 
Victoria cruziana 
Cabomba piauhyensis 
Cabomba caroliniana 


Brasenia schreberi 





Nuphar bornetii 









































































































































100 ]e —— quem 
86 L Nuphar sinensis 
Clade I T0 iy, 
~ 100 [x Nelumbo lutea 
79 i Nelumbo nucifera 
Ceratophyllum demersum 
01 ITS 00300 [] ( 1125, O O (CD0.7618, OO (RD 
0.7214) [ O D D O [] D 





















































































































































Fig. 1. The strict consensus tree of three equally most parsimonious trees based on ITS sequences with all characters 
equally weighted (Length=1125, C/=0.7618, RI-0.7214). Numbers below branches are base substitutions; those above 
branches are bootstrap values (96) with 1000 replicates. 
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